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-1. 

Method for Increasing the Serum Half-Life 
OF A Biologically AcnvE Molecule 

Technical Field 

This inveotion rdates generally to the chemical modificatiQii of biohgically 
active molecules^ and more particolariy relates to a mediod for modifying biologically 
active molecules to increase tfidr serum half-life. 

Background Art 

Unfavorable pharmacokinetics^ sudi as a short serum half-life, can |.revent 
tiie phaimacaxticaldevdopment of many otherwise promising drug ^ Serum 
half-life is an empirical diaracteristic of a molecule, and must be determined 
experimentally for eadi new potential drug. For example, with lower moleculau' weight 
polypqrtide drugs, phj^olo^cal clearance mechanisms sudi as renal filtration can make 
flie maintenance of thmpeutic levels of a drug unfeasible because of cost or frequency of 
the required dosing regimen. Conversely, a long serum half-life is undesirable where a 
drug or its metabolites have toxic side effects. 

A possible solution to an undesirably short serum half-life of a 
pharmaceutical agent is to covalratly attach to the agent molecules ^ucfa may increase 
the half-life. Previously, it has been shown that attachment of polymers to polypeptides 
may increase dieir serum half-lives. See» for example, European Patent Publication No. 0 
442 724 A2, vAAA descajbes "TEGylated" interiajkin-6 derivatives O-e., interleukin 
doivatives bound to poly^ylme glycol, or TEG'O having an extended serum half-life. 
Attachment of drugs to polymers has also been reported to increase Iheir water solubility, 
stability during storage and reduce dieu: immunogenidty (published patent q)plications 
EP 0 539 167 A2, WO 94/13322). Conjugates of IL-2 or mutems thereof with polymers 
have also been reported to have reduced immunog^city, increased solubility and 
increased half-lives (U.S. Patents Nos. 5,362,852, 5,089,261, 5,281,698 and published 
patent application WO 90/07938). 



wo 99/45026 PCTA)S99/04899 



However, the attadiment of polymers can lead to deoneases in drug activity. 
Incomplete or nonuniform attacfament leads to a mixed population of compounds having 
difTering properties. AdditionaDy, the dianges in half-lives resulting finom sudi 
modifications are unpredictable. For example^ conjugation of different polyethylene 

5 glycols to IL-8, G-CSF and IL-lra produced molecules having a variety of activities and 
half-lives (Gaotner and Offord, (1996), Biocmjugate Chem. 2:38-44). Conjugation of 
n^8 to PECJ2(M) produced no diange m its half-life, while conjugation of PEG2Qki> to BL- 
Ira gave an almost seven-fold increase in half-life. Additionally, the IL-8/PE62qu> 
conjugate was ten- to twenty-fold less effective than the native protdn. 

10 Accordingly, a mediod "vMdtk is cq)able of increasing the serum half-life of a 

biologically active molecule, without seriously diminishing the biological function of the 
molecule^ would be hig^y desirable. 



15 Brief Description of the Drawings 

Figure 1 is a graph illustrating the plasma disposition of PEG hul-48 in 
Cynomologpus Monkeys after intravraous (IV) and subcutaneous (SC) (10 mg/kg) 
dosing, as evaluated in Example 4. 

Figure 2 is a graph showing tiie effect of 300 pg hul-48SR, 30 ^g PEG hul- 
20 48, and vehicle on the size of the tumor in mice infected with human breast carcinoma 
MDAMB231 cell lines^ as evahiated in Example 6. 

Figure3 is a graph showing reduction in tumor growth following treatment 
with 300 pg PEG hul-48 as measured by the mean prostate weight of mice injected with 
human prostate cardnoma PC3-mm2 cells, as evaluated in Example 7. 
25 Figures 4A and 4B are graphs showtDg the average spl^c weight and 

incidence of metastases, respectively, of nude mice injected intrasplenically with himian 
colorectal carcinoma cancer KM12 L4A cells followed by treatment with PEG hul-48, as 
described in Example 8. 

Figure 5A is a graph illustrating the number of visible liver metastases to the 
30 liver of nude mice injected intcasplmically with human colorectal carcinoma cancer 
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KM12 L4A cdls followed by treatment whh PEG hul-48, as evaluated in Example 9. 
Figure 5B illustrates the effect of PEG hul-48 on livtf tumor burden, also as evahiated in 
Example 9. 

Disca^osuRE OF THE Invention 

Thus thore is a need in the art for a method for modifying a biolo^cally 
active molecde without abolishing its biological activity. ThCTeisafiirtho-needin the 
art to provide a method for inoeasing the serum half-life of sudi a mo Thereisyet 
a furtho* need for a mdhod of inaneasii^ the scram half-life of a biologically active 
molecule which produces a smgle ^edes of product having uniform biological and 
pharmacokinetic properties. 

Accordingly, it is a primary object of the invention to address tiie above- 
desCTibed needs by providing a method for increasing Ae serum half-life of a biolo^cally 
active molecule. 

It is another object of the invention to provide such a method whidi avoids 
modification of sites necessary for biological activity present within the molecule. 

It is still another object of the mvmtion to provide sudi a metiiod wh»ein the 
molecule is a polypeptide. 

It is an additional object of the invention to provide such a method ^orein 
tiie polypeptide is "PEGylated,*" Le., coupled to PEG, for example by reaction of a PEG 
hydrazide vn± an aldehyde moiety present at the N-terminus of the polypeptide. 

It is y^ another object of the invmtion to provide such a metiiod ^erdn the 
senm half-life of tiie polypeptide is increased by site-specific attachment of a polymer 
such as polyetiiylene glycol to tiie N-tenninus of the polypqitide chain. 

It is a further object of the invention to provide a modified molecule having a 
longer serum half-life than the native molecule. 

It is still another object of the invention to provide a pharmaceutical 
composition compriang a conjugate of a polymer and a biologically active molecule in 
combination with a pharmaceutically acceptable carrier or excipient 
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It is yet a furfliar obj ect of the inventioii to provide a method of treating a 
urokinase plasminog^ activatcur- O^A-") mediated disoid^ by administering a 
phannaceutically accqitable composition oonqsnsing a conjugate of uPA|^ and a 
polymer. 

Additional objects^ advantages and novel features of the invention ivill be set 
forth in part in the description vMch follows^ and in part will become apparent to those 
skilled in the art upon examination of the following, or may be learned by practice of the 
invention. 

In one onbodimen^ ike present invention rdates to a me^od for dimiically 
modifying a molecule to mcrease the serum half-life hereof, prefmbly in a site-specific 
manner without modification of any sites necessary for biolo^cal activity, sudi as 
receptor binding or en^^atic activity. The molecule is preferably, although not 
necessarily, a polypeptide. The medu>d involves binding the molecule to a polymer such 
as polyethylene glycol, e.g. by reacting a hydrazide-activated form of polyethylene glycol 
(referred to herein as ''polyediylene glycol hydrazide'* or "PEG hydraride") with an 
aldehyde moiety present on the molecule. When the molecule to be modified h a 
polypeptide, the aldehyde moiety is introduced at Ae N-tenninus, and can be generated by 
oxidative cleavage at adjacent hydro^l and amino groups found in N-terminal serine or 
threonine residues. 

In another embodiment of the invention, a modified molecule is provided 
having an increased serum half-life relative to the molecule per je, i.e., die "^mmodified^ 
molecule. Preferably, tiie modified molecule is a pplypqrtide conjugated to pofy 
glycol througli a hydrazone or semicaibazone linkage. In a particularly preferred 
embodiment, the polypq)lide is human urokinase or a firagment thereof e.g., uPA|^. 

In anotiier embodiment of the invention, a m^hod is provided for produdng a 
conjugate of the uPA q)idennal growth factor- ("EGO^- **) like domain, particularly 
uPAi^g. 

In still anoth^ ^bodiment of the invention, a conjugate of uPA]^ is 
provided which is useful for inhibiting the nutogenic activity of uPA i^ 
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In another embodimmt of the invention, a method is provided for treating a 
uPA-mediated or uPA recq>tor-mediated disorder by administering a conjugate of iiPA|^ 
and a polymer to a patient in need thereof. 

In yet another embodimat of die invention, a method is provided for treating 
cancer and m^astasis by administering an effective amount of a conjugated uPA EGF«like 
domain, particularly uPA|^. 

Modes for Carrying Out the Invention 

Ovoview and Definitions: 

Before describing the present invention in detail, it is to be understood that 
this invention is not limited to specific compositions, components or process steps, as such 
may vary. It is also to be understood that the tenninology used herein is for die purpose 
of describing particular embodiments only, and is not intended to be limiting. 

It must be noted that, as used in this specification and the appended claims, 
the singular forms "a," "an" and "the" inchide phiral referents unless the context clearly 
dictates otherwise. Thus, for example, reference to "a molecule" includes a plurality of 
molecules and/or a mixture of diffinmt molecules^ refmnce to a "polypqitide conjugate*' 
includes a plurality of polypeptide conjugates and/or a mixture of difTerent sudi 
conjugates^ and the like. 

In desoibing and claiming the present invention, the following terminology 
will be used in accordance widi the defiiutions set out below. 

The terms "liPA" and "huPA** rrfior spedfically to human urokinase-type 
plasminogen activator. Urokinase plasminogen activator ("uPA") is a multidomain 
protein which binds to a cdl surface receptor and cleaves plasminogen to plasmin. uPA is 
involved in clot resolution, wound healing, infiammation, tissue restructuring and cancer. 
Variants of uPA such as uPA^^g have previously been found usefijl for treating 
inappropriate angiogenesis, inflanunatory disorders and cancer. uPA|_48 is a cataljrtically 
inactive protdn comprising the first 48 amino adds of uPA, and still retains the binding 
domain for die uPA recqitor. uPAi^ thus acts by competing with native uPA for its 
receptor, and thus inhibiting plasminogra activation. Prior to this invntion, nothing was 
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known of the s«jm half-life of uPAj^g, and consequently there was no reason to mr diiy 
uPA|^ to increase its serum half-life. 

The term "uPA|^" refets to a polypeptide having a sequence identical t^ the 
EGF-like domain of uPA (residues 1-48), or an active portion thereof An ''active 
portion** is one Ti^di lacks up to 10 amino adds, from eidier the N-terminal or &tet.iiinal 
©ids, or from both ends, of the uPA|^ polypeptide, and exhibits a Kd less than or eqpial 
to about SnM with uPAK The torn "active analog" refOT to a polypqrtide diffoing 
from the sequence of the ECH'-like domain of uPA|^g or an active portion th^eof by 1-7 

adds, but whidi still exhibits a Kd less than or equal to about 5 nM withuPAR. 
The differences are preferably conservative amino add substitutions^ in whidi an amino 
add is rq>laced widi anodiernaturaUy occurring amino add of siinilardi^^ Fcr 
example, the following substitutions are con^dered "conservative": Gly - Ala; Val - He - 
Lo^ Asp-Ghi;Lys-Arg; Asn-CHn;andPhe-Trp-Tyr. Nonconservative dianges are 
generally substitudons of one of the above amino adds wtfh an amino add from a 
differmt group (e.g,, substituting Asn for GIu), or substituting Cys, Met, Ks, or Pro for 
any of the above amino adds. The uP A)^ polypq)tides should be substantially free of 
peptides derived from other portions of die uPA protein. For example^ a uPAi^ 
composition should contain less than about 20 wt% uPA B domain ("uPA-B", dry weight, 
absent exdpients), prrforably less than about 10 wt% uPA-B, more preferably less tiian 
about 5 wt% uPA-B, most preferably no amount d^ectable by conventional mediods well 
known m die art The uPA|^ polypqrtides also prefmbly exclude the kringle^ 
uPA. 

The "ECa^-like domain" of uPA is diat portion of die uPA molecule responsible 
for mediating uPAbmding to its recqrtorC*uPAR"). The EC^-like domain, sometimes 
called die growdi &clor-like domam ("GFD"), is located widiin the first 48 amino add 
residues of uPA. The residues essential for receptor bmding activity have been localized 
to positions 12-32, although a peptide containing only those residues does not exhibit a 
binding affinity high enough to serve as a useful receptor antagonist 

The terms "uPA-mediated disord^** and "uPA receptor-mediated disorder" Tt£er 
to a disease state or malady whidi is caused or exacerbated by a biological activity of 
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uPA. The primary biological activity exhibited is plasminogen activation; other activities 
are rdaled to cell migration and invasiveness. Disorders mediated by plasminogen 
activation indude^ without limitation, inappioiviate angiogenesis (e.g., diab^c 
retinopathy, comeal angiogeneas» Kaposi's sarcoma, and the like), metastasis and invasion 
by tumor cdls, and dironic inflammation (e.g., rheumatoid artfiritis, onphysema, and the 
like). Fucc^ylated uPA is also mitogmc for some tumor cells (eg., SaOS-2 
osteosarcoma cells), vMch som^imes self-activate in an autocrine mechanism. 
Accordingly, uPA|^ is effective in inhibiting the proliferation of uPA-activated tumor 
cells. 

The tenn "effective amount** refers to an amount of a biologically active molecule 
or conjugate thereof sufBdent to exhibit a detectable theriqpoiticefi^^ Thetiierapeutic 
effect may include, for example, witiiout limitation, inhibiting the growtii of undesired 
tissue or malignant cdls, inhibiting inappropriate angiogenesis, limiting tissue damage 
caused by dironic inflammation, and the like. The effective amount for a subject will 
dq>end upon the subject's size and health, the nature and severity of the condition to be 
treated, and the like. Thus, it is not possible to specify an exact effective amount in 
advance. However, the effective amoimt for a givm situation can be determined by one 
of skill in the art using routine Gq>erimentation based on the information provided h^in. 

The term *'pharmaceutically acceptable** refers to compounds and compositions 
wUch may be administered to rnammals without undue toxidty. Exemplary 
pharmaceutically accqitable salts indude mineral add salts sudi as hydrochlorides^ 
hydrobromides, phosphates, sulfates, and the lik^ and the salts of organic acids sudi as 
acetates, propionates, malcmates, benzoates, and tiie like. 

By "polypqitide" is meant a molecule comprising a series of amino adds linked 
through amide linkages along the dpha caibon badd>one. Modifications of tiie peptide 
side chains may be present, along with glycosylations, hydroxylations and the like. 
Additionally, other nonpeptide molecules, including lipids and small molecule agents, 
may be attadied to tiie polypq>tide. 

As used herein, the term ""amino acid" is intended to indude not only the L*, D- 
and nonchiral forms of naturally occurring amino adds (alanine, alanine, aspara^ne. 
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aspartic add, ^steine, ghitamine^ glutamic add, glydne, histidiiie, isoleuc ' le, leudne, 
lysine, meduonine, phenylalanine, proline, serine, direonine, tryptophan, t; "osine;, valine), 
but also modified amino adds, amino add analogs, and other diemical ccivpounds iwhidi 
can be incoiporated in convmtional oligopqytide syndiesis, e.g., 4Hutiophf jylalanine, 
isogtutamic add, isoglutamine, e-niootinoyl-lysine, isonipecotic add, 
tetrahydroisoquinoldc acid, a-^aminoisobutyric add, saroosine, dtrulline, !;^steic acid, 
t-butylglydne, t-butylalanine, phmylglydne, cydohexylalanine, P-alanini . 
4-aminDbutyric acid, and the like. 

By ""biologically active'* is meant the ability to modify the physic ! system 
of an organism. A molecule can be biologically active tinough its own fr rj^ tionalities, or 
may be biologically active based on its ability to activate inhibit moleq^ having their 
own biological activity. "^iologicaUy active molecules" include, but are : : limited to, ^ ^ 
small organic compounds, nuddc adds and micldc add derivative?, sacc 'xides or 
oligpsacdiarides, pqitide mimetics including peptides, proteins, and deriv Ives thereof, 
sudi as peptides containing non-peptide organic moieties, syntiietic peptic .: \ vAdcHi may or 
may not contain amino adds and/or peptide bonds, but retain the structurr " and functional 
features of a peptide ligand, and peptoids and oligopeptoids which are mc cules 
comprising N-substituted glycine, such as those described by Simon et al. , Proc Natl 
Acad Scu USA 82:9367 (1992), and antibodies, including anti-idiotype a^ ^.bodies. 

A "peptoid*" is a polymer made up, at least in part, of monomer u: i ts of "amino 
add substitutes", \^di are any molecule other than an amino add, but wl* :di serve in the 
peptoid polymer to mimic an amino add. Particulariy prefenred monomer limits are 
N-alkylated derivatives of glydne. Pqitoids are produced by linking tiie "amino add 
substitutes" into a linear duun or ^clic structure with amino acids and/or other anuno 
add substitutes. The links may iQclude, peptide bonds, esters, ether^ anm.es, phosphates, 
sulfates, sulfites, thioediors, tfiioesters, aliphatic bonds, carbamates and the like. 
Examples of amino add substitutes include N-substituted glycine, N-alkylated glycines, 
N-substituted alanine, N-substituted D-alanine, ur^hanes, substituted hydroxy adds, such 
as hydroxyacetic add, 2-hydroxypropanoic acid, S-hydroxypropanoic acid, 3-phenyl-2- 
hydroxypropanoic acid, and the like. A peptoid may comprise amino acid substitutes 
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using more than one type of link provided the chemistry for die reaction sdiemes are 
compatible and encdmpassedgenendly by the reactions described he^ Otfa^ example; 
of amino add substitutes and pqytoids are described in Barti^ al., PCT W091/1973S 
and Zudcennann et al., per WO94/06451. 
5 The terms "convoitional" and "naturally occurring" as applied to peptides herein 

refer to polypcfrtides, also refOTed to as proteins, constructed o 
occurring amino adds: Ala, Cys, Asp, Ghi, Phe, Gly, His, 11^ Lys, Leu, Met, Asn, Pro, 
Ghi, Arg, Ser, Thr, Val, Trp and Tyr. 

By "conju^ted" is meant Ae covalent linkage of at least two molecules. As 
10 described herein, alfiologLcally active molecule is conjugated to a pharmaceutically 

acceptable polymer to increase its serum half-life. The polymer may or may not have its 
o^ biological activity. The suitable polymers indude, for example, pQlyediylene glycol 
(PEG), polyvinyl piyrrolidone, polyvinyl alcohol, polyamino adds, divinyledier maldc 
anhydride, N-(2-HydrDxypropyl)-meduua7lamide, dextran, dextran derivatives induding 
15 dextran sulfate, pol^ropylrae glycol, polyoxyethylated polyol, hqjarin, hep 

fragments, polysaciharides, celhilose and celhilose daivatives, including methylcellulose 
and carboxymethyl cellulose, stardi and stardi daivatives, polyalkylene glycol and 
derivatives thereof, copolymers of polyalkylme glycols and derivatives thereof, polyvinyl 
rthyl ethers, and a,P-Poly[(2-hydroxy^yl>DL-aspartamide, and the like, or mixtures 
20 thereof. In a prefated embodiment, tfie polymor is PEG. 

By TEGylate^ is meant the covalent attadmient of at least one molecule of 
poly^ylene glycol to a biologically active molecule. The average molecular wdg^t of 
the reactant PEG is preferably between about 5,000 and about 50,000 daltons, more 
pref^ly between about 10,000 and about 40,000 daltons, and most prefmbly between 
25 about 15,000 and about 30,000 daltons. Particulariy prrfened are PEGs having nominal 
av^e sizes of about 20,000 and about 25,000 daltons. The method of attachment is not 
critical, but preferably does not alter, or only minimally altm, the activity of the 
biologically active molecule. Preferably the moease in half-life is greater than any 
decrease in biological activity. A preferred method of attachment is via N-tarminal 



wo 99/45026 



-10- 



PCrA)S99/D4899 



linkage to a polypq>tide. PEG^ated uPA}^ is sometimes refecred to herdn as PEG 
liul-48. 

By "increase in senim halfJife" is meant tbe positive dbange in drculati;.;g lulf- 
life of a modified biologically active molecule rdative to its n<Hi-modified fOm. ikstam 
half-life is measured by taking blood samples at various time points aft^ admini: : riation 
of the biologically active molecule, and detomining the conc^tration of that mcl >cule in 
each sample. Correlation of the serum concentration with time allows calculation of the 
serum half-life. The increase is desirably at least about two-fold, but a smaller ir. ;:ease 
may be useful, for example ^ere it enables a satisfactory dosing r^imm or avc ; . ;i a 
to?dc effect Preferably the inoease is at least about three-fold, more preferably least 
about five-fold, and most preferably at least about ten-fold, and most preferably : ;. least : 
about fifieen-fold. Inqreases of up to 28.8-fold in serum half-life are demonstratf : . hereini^ 

The increase in serum half-life preferably occurs through a method that . least 
preserves biological activity, measured, for example, in a binding assay. Lisom; 
instances, the method may even increase biological activity. However, where tii:: mediod 
does provide a decrease in biolo^cal activity, it is preferable that the proportiomLU 
in^ease in serum half-life is at least as great as the proportionate decease in biol gical 
activity. More preferably, the increase in serum half-lif e is greater than the decre r^ie in 
biological activity, proportionately. This is not an absolute requironent, and dep^^ds, for 
example^, on &e pharmacokinetics and toxidty of the specific derivative. The pe i .entage 
of biolo^cal activity wfaidi is r^ained is prefmbly about 1 0 to about 100 %, mo re 
prtferably about IS to about 100 %, and most prefmbly about 20 to about 100 In an 
espedally preferred embodunent, about 25 to about 100 % of the biological activity is 
retained. 

In a preferred embodiment, die biologically active molecule is a polypeptide. A 
particularly preferred polypq>tide is uPAj^g. uPA|^g is herein demonstrated to have a 
short sOTim half-life. Increasing the serum half-life of rapidly cleared compounds is 
desirable, particularly where the compounds are recombinant molecules vMdti are 
difBcult and cosdy to produce. Sudi an increase in half-life can reduce treatment costs, 
decrease the amount of agent administered, decrease the duration of administration, and 
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lessen the e9q)osure of patients to laige volumes of phannaceutical prq)arations. 
Conjugation of PEG to uPA|^ is shown herein to dramatically inoease its smmi half- 
life by as much as 28.8 fold. 

The polypeptide can be produced by any suitable means, audi as esqiression in a 

5 recombinant host cell or by diemical synthesis. The polypeptide is then purified through 
standard methods. Where the polypq)tide is uPA^^ production in a yeast host cell, as 
desoibed in published PCT patmt plication WO 94/28145, is suitable. For example, 
DNA encoding residues l-48of nmture human uPA are cloned into a yeast esqiression 
vector as a fusion with tiie yeast alpha-factor leader (oFl), under transcriptional control of 

10 a hybrid ADH2-GAP promoter. The PGR. fragment oftfaegme encoding huPA primer 
and a template plasmid, and die alkaline phoqyhatase treated pCSR subdoii^ 
containing the yeast expression cassette are digested with BgDI, The 
subclone tiius obtained (pCBRiiPAal3) is subjected to BamHI digestion and the isolated 
expression cassette is ligated into the yeast shuttie vector. The expression plasmid is then 

IS transformed into the yeast host under conditions to promote the expression of tfie 

polypeptide. uPA^^ can then be purified as described therein, or by suitable techniques 
known in the art, such as centrifiigation, column chromatogn^hy, anion exchange 
dbromatogr^hy, cation exchange diromatography, or combinations thereof. Diafiltration 
can be used to bring the polypqMide solution to a desired concentration and/or to change 

20 the composition of the solution. 

The biologically active molecule can be linked to a polymer tiuough any 
available fimctionaUty using standanl methods wdllmown in the art It is preferred that 
the biolc^cally active molecule be linked at only one position in order to minimize any 
disruption of its activity and to produce a pharmacologically uniform product 

25 Nonlimiting examples of functional groups on dther tiie polymer or biolo^cally active 
molecule which can be used to form sudi linkages include amine and caiboxy groups, 
thiol groups such as in cysteine resides, aldehydes and ketones^ and hydroxy groups as can 
be found in soine, threonine, tyrosine, hydroxyproline and hydroxylysine residues. 

The polym^ can be activated by coupling a reactive group sudi as tridilorons- 

30 triazine (Abuchowski et al., (1977), J. BioL Chem. 222:3582-3586), carbonylimidazole 
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(Beaudiamp et al.» (1983), Anal Biodmn. 11L:2S-33X or sucdnimidyl succinate 
(Abuchowski et al., (1984X Cancer Biochem, Biophys. 2:175-186) in order to react whh 
an amine functionality on the biologicatty active molecule. Another coupling mediod 
invoWes forniation of a glyoxylyl group on one niolecde and an amm 

5 semicaibazide group on tiie other moliecule to be conjugated (Fields and Dixon, (1968), 
Biochenu J. lfl8:883-887; Gaertner el al., (1992), Bioconjugate Ckem. 1:262-268; 
Geogh^an and Stroh, (1992), Bioconjugate Chem. 1:138-146; Gaertno- et al., (1994), J. 
BioL Chem. 262:7224-7230). Other mediods involve formation of an active ezter at a free 
alcohol group of die first molecule to be conjugated using chlorofon late or 

10 disucdnimidylcaibonate, whidi can then be conjugated to an amine group on the other 
molecule to be coiq)led (Veronese et aL, (1985X Biochem. andBiott zh. 11:141-152; 
Nitec]detal.,USPN5,089;Z61;Kitecl4USPN 5,281,698). Other reactive groups which 
may be attached via free alcohol groups are set forA m Wright, published European patmt 
Implication 0 539 167 A2, ^ch also describes the use of imidates for coiq>ling via free 

IS amine groups. 

An aldehyde functionality useful for conjugating the biologically active molecule 
can be generated from a functionality having adjacent amino and alcohol groups. Where 
the biologically active molecule is a polypeptide, for example^ an N-terminal serine, 
threonine or hydroxylysine can be used to generate an alddiyde functionality via oxidative 

20 cleavage under mild conditions using periodate. These residues, or their equivaloits, can 
be normally presmt, for exanqile at the N-tenninus of a polypq>tide, may be exposed via 
diemical or enrymatic digestion, or may be introduced via recombinant or chemical 
metibods. The reaction conditions fin* generating die alddiyde typicaUy involve addition 
of a molar excess of sodhun mela pedodate and under mild conditions to avoid oxidation 

25 at otho* positions m the protein. The pH is preferably about 7.0. A typical reaction 

involves the addition of a 1 .5 fold molar excess of sodium meta pmodate; followed by 
incubation for 10 minutes at room tonperature in die dark. 

The aldehyde funcdonality can then be coupled to an activated polymer 
containing a hydrazide or semicaibaade functionality to form a hydrazone or 

30 semicaibazone linkage. Hydraade^ntainingpolymos are commercially available, and 
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can be syntiiesized, if necessaiy, using standard tedmiques. PEG hydrazides prefmed for 
the invention can be d)tained fiom Shearwat^ Polymers, Inc., 2307 Spring Branch Road, 
Huntsville, AL3S801. The aiddiyde is then coiq>led to the polymer by niixing the 
sohition of the two components together and heating to about ST'C until the reaction is 

5 substantially complete. An excess of the polym^hydrazide is typically used to inoease 
the amount of conjugate obtained A typical reaction time is 26 hours. Dq>ending on tfic 
thermal stability of the reactants, the reaction temperature and time can be altered to 
provide suitable results. Detailed determination of reaction conditions for both oxidation 
and coupling is set forth in Geo^^an and Stioh, (1992X BioconjugCMte Chem. 2:138-146, 

10 and in Geoghegan,USPN 5,362,852. 

Sudi a conjugate formed between uPAi^ and a polymo* can be used 
therqieuticaUy to treat uPA-mediated and uPAiecqnornmediateddisor^ A 
pharmaceutically accqitable solution contunii^ the conjugate is prq>ared, and a 
therapeutically effective dose of die conjugate is administered to an individual having a 

15 uPA-mediated or a uPA receptor-mediated disorder. The conjugate is preferably 

administered via injection either intravenoiisly or, more preferably, subcutaneously. 
Administration is repeated as necessary in order to maintain therapeutically effective 
levels of the conjugate. 

Pharmacoitical compositions comprising a coiijugate of a biologically active 

20 molecule and a polymer can be prq)ared by mixing tfie conjugate with any 

phannaceuticaUy acceptable component, such as, for example, a canier, a medic^ 
agent, an adjuvant, a diluent, and the like;, as well as combinations of any two or more 
thereof. Suitable pharnuu:eutical carriers, medidnal agents, adjuvants^ and diluents are 
described in "Remington's Pharmaceutical Sdences^** 18^ edition, by E.W. Martin (Made 

25 Publ.Co.,Easton,PA). 

The composition may be administered in a variety of ways, including, for 
example, orally, paroiterally (e.g., intravenously), by intrammcular injection, by 
intraperitoneal injection, as suppositories, etc. The specific amount of active conjugate 
administered will, of course, depend on die subject being treated, die subject's weig^it, the 

30 niannerof adnunistration and the judgment of the presoibing physician. Infonnation 
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oonceming dosigBS of various phannaoological agents may be found in standard 
phaimaceutialffrferencebook^ The 
phannaceudcal compositions maybe in solid, semi-solid or liquid dosage fbnns, sudi as» 
for example, tabl^ pills, capsules, powders liquids, susposions, and the like. 

It is to be understood that ^vriiiletiie invention has been described in conjunction 
with die preferred specific embodiments thereol^ the forcing desoiption as well as the 
examples which follow are iotaided to illustrate and not limit the scope of the invention. 
Odier aspects, advantages and modifications widiin the scope of the invention will be 
qiparoitto diose skilled in the art to ^lidi the invention pertains. 

Example 1 
Determination ofthe Half-ufe OFtiPAi^ 
uPA]^ was produced in yeas^ purified and concentrated into PBS. Vfbea 
produced in yeast, uPA)^ lacks a fiicosylation which is present when the protein is 
expressed in mammalian cells. The purified protein was injected intravenously into mice. 
Blood samples were collected at various time points, and the amount of uPA|^g present in 
each sample was determined. The serum half-life of uPAj^g was found to be 
qiproximately 10 minutes in mice. 

Example! 

GiMERATiON OF A PoLYFEiTmE WITH AN N-Terminal Aldehyde 
A half lito* sohition of uPA|^ at 10-13 mg/ml in SO mM sodnmi phosphate, pH 
6.8, was prq^ared. The molar concentration of the sohition was determined via 
spectrometric methods. A l.S molar excess of fi^shly prq)ared sodmm meta pmodate 
QAW=Q,\4 ^g/^mole) was added and mixed, and the resulting solution was incubated in 
the dark for 10 minutes at room temperature. The product were separated fiom excess 
periodate and isolated using tang^tial diafiltration with 30 mM sodium acetate, pH 4.5. 
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Examples 

Coupling of PEG Hydraqde to uPA^ Aldehyde 
PEG hydiazides were obtained oommefdally (Shearwater Polymerr, Inc^ 2307 
Spring Branch Road, Huntsville, AL 3S801). PEG hydrazides having nomii.: J average 

S molecular weights of 3.4kD, SkD, 20kD and 2SkD, and having a single hyd wzide group 
at one md of die polymer, were used. Additionally, a PEG hydrazide of avf .^e 
molecular weight of SO kD, having a hydrazide group at each end of the pol ; :aer so diat 
two uPA|^ molecules could be conjugated, was used. Theconcentnitiono theN- 
tenninal aldehyde solution was determined, and a two fold molar excess of e xdi PEG 

10 hydrazide was added, in sqparate reactions, to the uPA]^ N-terminal alddiy^le produced 
in Example 2. The reaction mhctures were incubated for 26 hrs. at 3TC. Approximatdy 
60% ofdieuPA]^ molecules were conjugated to PEG foUowing the reactic;^^^ The 
conjugates were purified via column dm>malognq>hy. The conjugates were 'oen 
diafiltered and concentrated mto PBS to q>pn>ximately 8-10 mg/ml. The products were 

15 then frozen at -70X until use. 

£xample4 

Determination OFTHE Half-Life OFTHE PEG CoNra 
Pharmaceutical preparations comprising tiie conjugates of uPA^^ and PEG were 
20 injected intravenously into mice. Blood samples were collected at various time points, 

and the amount of conjugate present in the blood was detennined for eadi tine point The 
half-life of the uPAi.4g/PE(^5|j) conjugate was found to be 277 minutes. The half-life of 
the uPAi^g/PEGsQijp dimwic conjugate (i.e., having a uPA|^g molecule conjugated at 
each Old of PEG5ou> as desoibed in Example 3) was found to be 288 minutes. The half- 
25 life of the uPA|^g/PEG20M) conjugate was found to be 130 minutes. The half-life of the 
tiPAj^a^EGsko conjugate was found to be 44 minutes. The half-life of die 
uPAi^9^EG3.4U) conjugate was found to be 12 minutes. 

Pharmaceutical prq>arations comprising the conjugates of uPA|^ and VEGjjo^ 
at a dose of 1 0 mg/kg were iajected as a single IV bolus or via subcutaneous 
30 administration into cynomologoiis monkeys. As above, blood samples were collected at 
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various time points, and Ifae amount of conjugate present in the blood was detennined for 
each time point Themetfaodmeasureslherecqptorbindingactivity instead of just th^ 
total protein present; thus tiie amount of protein measured as a function of time represents 
the active protdn, and the measured half-life rqmsents functional half-life. The data is 
sho^ in Table 1, and a graph illustrating plamia disposition of PEG. hul-48 over time k 
included in Figure 1. 



Table 1: Pharmacokinetic Parameters of PEG hul-48 aft^r Single IV bolus 
or SC dose at 10 mg/kg Determined by Ae Non-Comp^^tmnt Modd 



Monkey: 


F67-344F 


F7238F 


F7281F 


. Route: 


rv 


SC 


IV 


SC 


TV 


SC 


Dose (mg/kg) 


10 


10 


10 


10 


f.8 


10 


AUC (iiim*iiM) 


3297918 


3803604 


3002085 


3057502 


i:»87996 


2337888 


CL 

(mL/min/kg) 


0.6 


NA 


0.6 


NA 


(.8 


NA 




19143 


2596 


30564 


2155 


19199 


1126 


T«(hr) 


0 


8 


0 


4 


0 


8 


WaaQJkg) 


0.252 


NA 


0.249 


NA 


0.255 


NA 




6.9 


23 


7.6 


26 


6.4 


14 


MRT(hr) 


7.4 


31 


6.6 


28 


5.1 


31 


|f(%) 


100 


115 


100 


101 


100 


103 



Examples 

COMPARESKMN OFTHB ACTIVITy OFUPAi^ AND US PEG CmUUGATES 
The uPAR receptar binding activity of uPA}^ and tfie PEG conjugates thereof 
were detennined by ±e method of Goodson et al. (1994) 21:7129-7133. uPA^, 
was found to have an ICso of 250 pM The PE^(^ conjugate was found to have an ICso 
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oflhM The PEG^0u> conjugate Aeicfore exhibited a p-f^^ 
with only a four-fold decrease in biological activity. 

EXAMFLB6 

5 Elviscrw Breast Cancer Carcinoma 

Thirty NOD/Ltz mice were injected subcutaneously with 2x10^ M A MB231 
cells (hiunan breast cardnoma) on day 0. The mice were divided into direr : !;n)ups of 1 0 
mice eadi, and die treatment of die three grcnips of mice began on day 1. Z vice every 
week, gxsap 1 was subcutaneously injected widi 30 ^g PEG hul-48(20ld} i BGX group 2 

10 was subcutaneously injected with 300 |ig PEG faul-48(20kD PEG), and gri vp 3 was 
subcutaneously injected widi die vdiide (PBS). Treatment was continued Tor 9 wedcs. 
The primary tumor volume (mm^ was measured three times per week for . . weeks, and 
the experiment was terminated ^en mean tumor volume in vehicle centre ' tTOup 
exceeded 2000 mm^ The data, iUustrated in Figure 2, shows that the tumc .g^ 

IS reduced 77% in the treatment group receiving 30 |ig PEG hul-48, and 98?; In the group 
receiving 300 jig PEG hul-48, when compared to the group receiving the vehicle control 
at 9 weeks (p=0.d5). The 300 ^g treatment group was observed for an add l:onaI 3 weeks 
after treatment was stopped (day 63). Tumors become evident in this grouv by day 84, 
indicating that administration of PEG hul-48 had a cytostatic effect 

20 

EXAMFLE7 
EFFECT ON HUMAN PROSTATE CARCINOMA 
The prostates of 18 nude mice were injected with 1x10^ PC-3mm2 
prostate carcinoma) on day 0. The mice were divided into two groiqpsofnine mice each, 
25 and treatmmt was initiated on day 3 and continued for 3 weeks. Twice po' week, the 
mice of group 1 received 300 jig PEG hul-48(20kD PEG) by subcutaneous 
administration, and the mice of group 2 recced vdiide only by subcutaneous 
administration. Three wedcs after the implantation of the human prostate carcinoma cells, 
the prostates of the mice were excised and wdghed to determine effects of treatment on 
30 the primary tumor growth. The data, collected in Figure 3, showed about a 57% 
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reducdon in primaiy tumor growth in mice treated with PEG hul -48 when compared with 
the mice in the control group. Thus, the data mdicates that PEG faul-48 significantly 
reduces primary tumor. 

S Examples 

Effect on Colon Cancer Tum(« Growth and Liver Metastases 
Twmty 10 week old Nude male mice woe injected intraspl»iically with 1x10^ 
KM12 L4A cells Qiuman colorectal adsiocardnoma) on day 0. The mice woe divided 
into two groups, and treatment was initialed on day 1 post«*implantation and continued for 

10 4weeks. Group 1, consisting of 10 mice, were subcu^eously injected five tt^ 

week with PEG hul -48(20kD PEG) and 250 )ig BID wbUe group 2 mice acted as the 
control and woe injected with vdiide only. The animals wm saoificed at S weeks, and 
the splems of the animals fiom each group were weighed to determine primary tumor 
burden figure 4A). The livers were wdghed to detennine metastatic tumor burden^ 

IS were scored by histologic^ examination for inddence of metastases (Figure 4B). All 10 
animals in tiie control group that were treated with vehicle only had visible primary 
tumors in the spleen, and had an average spleen wei^t of 641 mg ± 307 while only 7 
mice treated with PEG hul -48 had visible tumors in tiie spleen, with an average spleen 
weight of269mg ±113. (Figure 4A). For the purposes of comparison, the average splenic 

20 weight for mice in this age group is about 240 mg. In addition, 6 mice in tiie control 

group had inddence of liver metastases, compared to no observed metastases in the livers 
ofthe group treated with PEG hul-48 figure 4B). The differences between the two 
groups of mice for both primary tumor burden and inddence of metastases is statistically 
dgnificant 0><O.OOS), and indicates tiuit PEG hul-48 has efficacy 

25 growth and metastasis. 
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EXAMFLE9 

Effect as Incidence of Liver Metastases in 
PosT-RESEcnoN Cou»ECTAL ClARCiNOMA Model 
Thirty male Nu/Nu mice were injected intraq>lemcaUy with 0.5x10^ Klli2L4A 
cells Omman colorectal carcinoma cancer ivitfa hig^ metastatic potaitial), and tl ^ spleens 
of all Ae mice w&e ranoved 3 days after implantation of Ae KM12 L4A cells. Ae mice 
were divided into two treatmrat gtoiq)s» and treatment was began 6 days after 
implantation. The fiist group of 15 mice recrivedsubcutaneomadministi^ 
^g PEG hul-48(20kD PEG) twice p» weA, and the second group of 
saline vdiide only and saved as the control group. The experunent was tmnin^ >;ed*27 . 
days after unplantation of tte KM12 MA cells, and Ae wmglit of the 1^ 
d^ennined and histologically scored for m^astaticfod. The mice oftfae first ^ oup that 
had been treated widi PEG hul-48 showed significantly reduced metastases to tislivo-ip 
vahie < O.OS) when compared to die mice in Ae control group that received vd: ' 'le only 
(Figure SAX even whm treatment was initiated S days after tumor implantation. A trend 
toward a reduction in overall liver tumor burden was observed as well (Figure Sii)- 

Example 10 
Treatment of auPA-Mediated disorder in hijmans 
A phannacaitically accqytable sohition oonqmsing the PEG2au> conjugate of 
uPA|^ at 5-10 mg/ml in a phannaceutically acceptable caniv is administered 
subcutaneously at a dose of 1-10 mg^ to a human patient having a uPA-mediated 
disorder. Administration is rq>eated at intervals suGBdent to maintain therq)euticaUy 
effective senim levels of the conjugate in the patient 
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Claims 

1 . A method for prqnuiDg a biologically active molecule having an inoeas-^d 
senun half-life, comprising coupling the molecule to a polymo" by reacting an aldel.jfde 
functionality on the molecule with a hydrazide or semicarbazide group on the polyr^er 
imder reaction conditions effective to promote formation of a conjugated molecule, 
wherein tiie molecule is bound to the polymer through a hydrazone or semicaibazoi p. 
linkage. 

2. The mediod of daim 1, herein the biologically active molecule is a 
polypeptide. 

3. The method of daim 2» wherem the polypq)tide has a molecular wdgb :of 
less than about 50,000. 

4. The method of claim 3, wherein the polypeptide has a molecular weigh ! of 
less tiian about 30»000. 

5. The mediod of daim 4, whodn the polypqitide has a molecular weigh.: of 
less tiian about 10,000. 

6. The method of claim 5» wheran the polypqptide is uPA]^ or an active 
portion tfiereof. 

7. A mediod for conjugating uPAj^g to polyethylene glycol, comprising: 

(a) providing activated polyethylene glycol in &e form of polyethylene glycol 
hydrazide or semicaibazide; 

(b) providing uPA|^g having adjacent amino and alcohol groups at the N- 
tenninus thereof; * 



wo 99/45026 



-21- 



PCT/US99/04«99 



(c) oxidattvely deaving between the adjacmt amino and alcohol groups to yie' 1 
an aldehyde functionality in pku:e hereof, and 

(d) reactmg the aldefay de-ccnitittning uPAi^ provided in step (c) with the 
polyethylene glycol hydiazide or semicaibazide under reaction conditions effective to 
promote formation of PEGylated polypq)tide, iidierein the polypqrtide is bound to 
polyethylene glycol thiou^ a hydrazone or semicaibazone linkage. 

8. A modified polypeptide comprising a biologically active polypeptide 
conjugated to a phaimaceutically accqitable polymer, herein said modified polypepti r 
exhibits a proportional increase in senim half-life in an indiyidu^ 

any proportional decrease in its biological activity. 

9. The modified polypeptide of claim 8, wherdn tiie increase in half-life is at 
least about three fold. 

10. The modified polypeptide of claim 8, ^erdn tiie biolo^cally active 
polypeptide is a urokinase or derivative th^eof 

1 1 . The modifiied polypqitide of daim 10, wherein urokinase is uPAj^g c ; 
an active portion thereof. 

12. The modified polypcfrttde of daim 1 1, wherein uPAi^ is linbed to die 
polymer through a hydrazone or seinicarbazone linkage. 

13. The modified polypeptide of clahn 12, v^erdn the polymer is 1^ 
N-terminus of uPA]^. 

14: The modified polypeptide of claim 1 1, wherein die polymer is polyethylene 

glycol. 
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15. The modified polypqrtide of claim 14, ^Aerein the polyeliiylene glycol has 
an average molecular iweight of about 5,000 to dxaut SO^OOO daltoos. 

16. 'Hie modified polypqrdde of claim IS^lii^^ 

S an av^^ molecular weight of about 10,000 to at out 40,000 daltons. 

17. lie modified polypepiide of claim ie>,wher^ 

an ovOTgen: ilecularnvdight of about 15^009 to at out 30,000 daltons. 

10 18. \ pharmaceutical composition compriiing the mo(£fied po^^pqrtide of either 

of claims 11^ r 14, in combination with a p^uumacaitically accqrtable earner or exdpient - 

19. \ method of treating uPA-mfidiatec^^ 
disorder in c ;)atient in need Ifaereo:; compr'sing a/lMinisterin^ 
15 phannaceuti' ally accqrtable comp'.sition ccmpris^ng a therq)eutically efifedive amount of 
a conjugate c'uPAi^ and a polymer. 



20 



20. The medKxl of claim 19, wherein the molar amount of tfie conjugate ^^ch is 
administiere 1 is less than Ae molar amount of the nonconjugated uPA|^ neoessaiy to 
provide a therapeutic effect 
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